ABSTRACT: Plasma AA in horses fed either an allhay or a hay and grain diet in a traditional format have not been investigated. Eight horses were divided into 2 groups: a hay group fed only grass hay or a hay and a grain group (HG) fed in a crossover design for two 5-wk periods. After the first period, horses were fasted overnight, followed by feeding with blood sampling every hour for 6 h. A 4-d total fecal and urine collection to evaluate N balance followed. A 10-d washout period separated the 5-wk feeding periods, during which horses switched diets. The second period was also followed by fasting, feeding, blood sampling, and a 4-d collection period. Horses consumed 840 g of CP in the hay group and 865 g of CP in the HG group. Horses in the hay group had a 2.4 ± 2.4 g/d N balance, which was not different from 0 (P = 0.34), whereas horses in the HG group had 5.4 ± 2.4 g/d N balance, which was different from 0 (P = 0.045). Fecal N excretion was greater for the hay group compared with the HG group (hay = 51.1 ± 1.3 g/d and HG = 45.5 ± 1.3 g/d; P = 0.011), and urine N excretion was greater for the HG group compared with the hay group (hay = 79.3 ± 2.8 g/d and HG = 89.2 ± 2.8 g/d; P = 0.026). Plasma AA concentrations were greater in the HG group compared with the hay group for Met (P = 0.001), Lys (P = 0.001), Ile (P = 0.047), Arg (P < 0.001), Gln (P = 0.009), and Orn (P = 0.002). Plasma concentrations were less for the HG group compared with the hay group for Thr (P < 0.001) and Ala (P < 0.001). Plasma concentrations of urea were greater for the HG group compared with the hay group (P < 0.001), whereas 3-methyl-histidine concentrations were greater for the hay group compared with the HG group (P < 0.001). The effect of diet on the excretion of N via feces vs. urine in the hay and HG groups is typical. The early increases in the plasma concentrations of Met, Val, Ile, Leu, Phe, Lys, Arg, and Ala during the postfeeding phase are most likely due to increased foregut digestibility as well as a greater quality AA profile in the grain. The greater concentrations of Thr, Leu, and Val later in the postfeeding phase for the hay group most likely reflects slower digestion because of prolonged consumption time compared with the HG group. Improved N balance observed in the HG group supports the fact that the HG group had more available AA via the AA profile and foregut digestibility of the HG diet. Despite the fact that both groups consumed similar amounts of CP, the AA profile and availability affected N balance.
INTRODUCTION
The use of plasma AA to determine limiting AA and AA requirements has been documented in other species (Potter et al., 1972) . Its potential in horses remains to be tested, although the effect of feeding and fasting on plasma AA has been explored by others (Johnson and Hart, 1974; Russell et al., 1986) . These studies fed the horses a complete pelleted diet containing alfalfa and orchardgrass as well as containing both grain and forage sources of protein. Forage sources of protein typically have more unavailable protein, reducing the overall digestibility of the protein source in the foregut. Foregut digestion of protein results in AA, which could improve the AA pool. Estimates of prececal digestibility of protein from forage range from 20 to 37% (Gibbs et al., 1988) , whereas prececal digestibility of concentrate ingredients such as corn, oats, and soybean meal range from 50 to 75% (Gibbs et al., 1996) . Also, feeding a complete diet does not reflect the typical feeding situation for most horses that are fed grain in meals. A pelleted diet including the forage component would result in more rapid consumption of the feedstuff in comparison with long-stem hay, which would have a longer consumption time. The objective of this study was to evaluate N balance and plasma AA of horses fed either an all forage diet or a forage-grain type diet. The authors hypothesize that horses fed hay and grain would have better N balance because of more available AA in the foregut during digestion and thus more AA available in the AA pool.
MATERIALS AND METHODS
All animal procedures used in this study were reviewed and approved by the Institutional Animal Care and Use Committee of Virginia Intermont College.
Horses and Diets
Eight horses of light horse type weighing an average of 553.6 ± 10.5 kg were randomly divided into 2 groups: a hay treatment group fed only grass hay (timothy and orchardgrass mix) or a hay and grain treatment group (HG). The grain was a commercial grain mix (Omolene 100, Purina Mills, St. Louis, MO). Horses were fed their respective diets for 5 wk in a switchback design with a 10-d washout period. The amounts fed were based on providing adequate calories for exercising horses and were adjusted to be isonitrogenous. Horses in the hay group received 100% of their CP from a forage source, whereas those horses in the HG group received approximately 40% of their CP from a grain source (main protein source, soybean meal) and 60% of their CP from a forage source. The diet components were analyzed for CP (AOAC, 1996) and ADF and NDF (Dairy One, Ithaca, NY), as well as for AA (AOAC, 2006) . Digestible energy was calculated according to the formula from Pagan (1998) . The energy and nutrient content of the diet components is shown in Table  1 . Estimated AA requirements were calculated using the current NRC (2007) recommendation for Lys for the exercising horse along with the corresponding ratios present in equine muscle (Bryden, 1991) . Horses were housed in stalls during the day and in a dry lot at night. All horses participated in 1 to 2 h of light to moderate intensity exercise 5 d a week. Heart rates were monitored using an on-board monitor (Polar S601i, FitMed, Mill Valley, CA) at least once per week to monitor the intensity of exercise. Average heart rates for the walk, trot, and canter were 62 ± 4, 89 ± 4, and 134 ± 10 per min, respectively. Body weight was measured weekly using an electronic scale (model AL660 LA, Cambridge Scaleworks, Honey Brook, PA), and BCS was evaluated weekly using the standardized scoring system developed by Henneke et al. (1983) .
Sampling and Analysis
At the end of each 5-wk period, horses were fasted overnight beginning at 2000 h, followed by feeding the horses one-half of their daily ration at 0800 h. A fasting blood sample (10-mL Vacutainer tubes containing sodium heparin, Becton Dickinson, Franklin Lakes, NJ) was taken via jugular puncture before feeding, followed by blood sampling every hour for 6 h. Plasma was separated by centrifugation at 3,400 × g at 22°C for 15 min, and frozen for later analysis of urea, AA, and 3-methylhistidine (3MH). Plasma AA analysis was conducted using HPLC following the protocol outlined by MillerGraber et al. (1990) . This was followed by a 4 d of total fecal and urine collection to evaluate N balance. Horses were fitted with collection harnesses that allowed for the separate collection of feces and urine in separate compartments (Equisan, S. Melbourne, Australia). Total fecal and urine output was measured for each 24-h period with 10% subsamples of feces and urine frozen for later analysis of moisture and N in the case of manure (AOAC, 1996) and N in the case of urine (APHA, 1998) . Nitrogen intake was calculated (CP/6.25) and, along with fecal N and urine N losses, it was used to calculate N balance: [N intake g/d -(fecal N g/d + urine N g/d) ]. Digestibility of CP was calculated as [(N intake -fecal N)/N intake] × 100. Horses then had a 10-d washout period between each 5-wk feeding period when horses consumed alternate treatment diets.
Data were summarized as least squared means with SE and analyzed using the Proc GLM procedure (SAS Inst. Inc., Cary, NC). An ANOVA was used determine differences between groups, between times, and for any interactions. A t-test was used to test if N balance was different from 0 for each group. A level of significance was set at P < 0.05.
RESULTS
All horses maintained BW and BCS during the study. Horses in the hay group and HG group consumed 9.1 and 5.6 kg of grass hay/d, respectively. Horses in the HG group consumed 2.1 kg of the grain mix per day. (Table 2) . Digestible protein (DP) calculated using the apparent CP digestibility for each diet was different, with the hay group consuming 521 g of DP/d and the HG group consuming 581 g of DP/d (P < 0.001). Horses in the hay group had reduced N digestibility (62%) compared with the HG group horses (67%; P = 0.003). Horses in the hay group had N balance that was not different from 0 (P = 0.34), whereas horses in the HG group had N balance that was different from 0 (hay = 2.4 g/d vs. HG = 5.4 g/d, pooled SE 2.4 g/d; P = 0.045). Fecal N excretion was greater for the hay group compared with the HG group (P = 0.011), and urine N excretion was greater for the HG group compared with the hay group (P = 0.026; Table 2 ).
The intake of individual AA is shown in Table 3 . Plasma AA concentrations were greater in the HG group compared with the hay group for Met (P = 0.001), Lys (P = 0.001), Ile (P = 0.047), and Arg (P < 0.001; Table 4 ). Plasma concentrations of Gln (P = 0.009) and Orn (P = 0.002; Table 5 ) were also greater for the HG group compared with the hay group. Plasma concentrations were less for the HG group compared with the hay group for Thr (P < 0.001; Table 4 ) and Ala (P < 0.001; Table 5 ). Plasma concentrations of urea were greater for the HG group compared with the hay group (P = 0.001), whereas 3MH concentrations were greater for the hay group compared with the HG group (P < 0.001; Table 5 ).
Plasma concentrations were greater 1 h postfeeding for the HG group compared with the hay group for Val, Ile, Phe, Met, Arg, and Gln. Plasma concentrations of Met and Lys remained increased for the HG group compared with the hay group for 2 h postfeeding (Table  4) . Plasma concentrations of urea N, Orn, and Gln were greater for the HG compared with the hay group at 4 h postfeeding (Table 5 ). The hay group had greater concentrations of Thr 2 h postfeeding as well as 4 to 6 h postfeeding (Table 4) . Plasma concentrations of Val and Leu became greater for the hay group compared with the HG group at 5 h postfeeding for Val and 4 to 5 h postfeeding for Leu (Table 4) . Estimates of available AA in the foregut are shown in Table 6 in support of the postfeeding changes in plasma AA.
Evaluating changes in plasma AA concentrations from fasting concentrations found greater changes from fasting for the HG group compared with the hay group Table 2 . Intake of CP, digestible protein (DP), CP digestibility, N intake, urine N loss, fecal N loss, and N balance for the hay and hay-grain (HG) groups Time points in the same column within the same diet with different superscripts are different (P < 0.05). Time points in the same column within the same diet with different superscripts are different (P < 0.05). +14.5 vs. HG = +28.9 mmol/L; P = 0.001), Ala (hay = +91.6 vs. HG = +145.5 mmol/L; P < 0.001), Gln (hay = +544.9 vs. HG = +1,228.8 mmol/L; P = 0.026), and Orn (hay = +19.2 vs. HG = +35.2 mmol/L; P = 0.005). At 2 h postfeeding, changes from fasting were greater for the HG group compared with the hay group for Lys (hay = +81.6 vs. HG = +109.4 mmol/L, P = 0.019) and His (hay = +23.8 vs. HG = +33.8 mmol/L, P = 0.044).
DISCUSSION
All horses received adequate CP and Lys according to current NRC (2007) recommendations for exercising horses in light to moderate exercise (775 to 841 g of CP and 33 to 37 g of Lys). Despite the diets being isonitrogenous with equal CP intake, differences in CP digestibility caused DP consumption to be different. Diet composition (forage vs. grain) would be expected to contribute to a shifting of N excretion in the form of feces vs. urine for the hay and HG groups. Horses fed grain in their diet excreted greater amounts of N via urine, whereas horses fed the hay diet excreted greater amounts of N via feces. The grain portion of the diet would be more digestible in the foregut, resulting in an increase in absorption of AA compared with the hay group. If these AA were in excess, the N would be excreted via the urine. Likewise, when horses were fed the all-hay diet, they consumed a larger quantity of hay compared with the HG group to fulfill energy needs and to keep the diets isonitrogenous. This resulted in greater amounts of N excreted in the feces. This would be also be consistent with an increase in hindgut fermentation because of a larger amount of fermentable fiber entering the hindgut, resulting in an increase in microbial protein production, which would be excreted in the feces (Meyer, 1983) . This phenomenon has also been observed in swine fed high fiber diets (Zervas and Zijlstra, 2002) . Another contributing factor could be the CP in the forage escaping digestion in the foregut where it was inaccessible to enzymatic digestion. It would then enter the hindgut where it would contribute to an increase in microbial protein production, as mentioned earlier, or escape digestion altogether and be excreted in the feces.
Other investigations in horses have observed prececal N digestibilties of 20 to 37% for forages and upward of 75% prececal N digestibility for protein supplements such as soybean meal (Gibbs et al., 1988 (Gibbs et al., , 1996 . If we use a conservative estimate for prececal N digestibilities of grain of 57% (Gibbs et al., 1996) and forages of 21% (Gibbs et al., 1988) , as the AA digestibilities in the current study, it reveals that the HG diet most likely had greater quantities of available AA in the foregut. Although this was not specifically measured in the current study, it does contribute to an explanation for greater plasma AA concentrations 1 to 2 h postfeeding in the HG-fed horses.
The requirements of specific AA have not been studied in the horse with the exception of Lys (Ott et al., 1979) . Research in other species (chickens and swine) have utilized tissue AA as estimates of AA requirements and found a high correlation between the 2 (Buttery and Lindsay, 1980) . This has led to the concept of ideal protein using the AA ratios found in tissue such as skeletal muscle to estimate ideal AA ratios and requirements (Cole and Van Lunen, 1994) . Ideal protein in horses has not been determined; however, muscle AA have been investigated, providing an AA profile that has the potential to suggest ideal relationships between AA for the horse (Bryden, 1991) . These muscle AA ratios are in close agreement with more recently evaluated muscle AA profiles of horses in different functions (Wilson and Graham-Thiers, 2009 ). If we use the current recommendation for Lys for the horses in the current study of 33 to 37 g/d and use that to estimate the other AA requirements from ratios of equine muscle AA provided by Bryden (1991) , it seems that His was possibly deficient in both the hay and HG group and Lys was possibly deficient in the hay group. However, this is speculation at this point and cannot be proven by the current study. The early increases in the plasma concentrations of His, Met, Ala, Val, Ile, Leu, Phe, Lys, and Arg during the postfeeding phase for the HG group are due to increased digestibility in the foregut because of greater amounts of soluble protein, as well as greater overall protein digestibility of the HG diet. The grain also had a better AA profile (i.e., greater concentrations of the indispensable AA), contributing to the greater plasma AA concentrations observed. The greater concentrations of Thr, Val, and Leu later in the postfeeding phase for the hay group is interesting but most likely reflects slower digestion because of longer consumption time compared with the HG group. The longer consumption time would mean that there was digesta in the foregut for a longer period of time, potentially contributing to the increases in indispensable AA from foregut digestion later in the postfeeding phase.
It could be speculated, however, that the HG group had excesses of AA because of greater overall concentrations of urea N. Eggum (1970) suggested that increasing excesses of AA were reflected in an increase in plasma urea N concentrations. Also supporting this theory are the greater concentrations of Gln and Orn, both of which are involved in the disposal of N. Skeletal muscle turnover (specifically the turnover of the contractile proteins of skeletal muscle, actin, and myosin) results in the release of 3MH, which is not metabolized and is rapidly excreted. Thus, in humans, it is used as a marker of muscle protein turnover (Gallagher et al., 1999) . The greater concentration of 3MH for the H group compared with the HG group in the current study could also be evidence that there was an AA deficiency or imbalance (although it could not be identified from the data in this study) because the concentration of 3MH was greater for the hay group, indicating greater muscle protein turnover. This has been observed in exercising horses previously fed diets with different AA profiles (Graham-Thiers and Kronfeld, 2005) .
When evaluating the changes from fasting, the changes observed in the HG group resulted in large increases early in the postfeeding phase, whereas the changes observed in the hay group resulted in smaller increases with slower decreases in plasma concentrations. Whether the larger increases in plasma AA for the HG group is beneficial or detrimental could not be evaluated from the data in this study. In several instances, the hay group maintained greater plasma AA concentrations later in the postfeeding stages compared with the HG group. The HG group exhibited more spikes in plasma AA concentrations compared with the hay group, which had smaller increases followed by plateaus in concentrations.
The fact that the hay group did not have N balance different from 0, despite consuming a similar amount of CP compared with the HG group, supports the fact that not all CP is the same. Protein sources vary in their AA profiles and thus result in different effects on production because the ultimate requirement for the animal is AA. A meta-analysis of studies evaluating N balance in horses using various protein sources with different AA profiles resulted in different quantities needed to obtain zero N balance (NRC, 2007) . Therefore, it would be possible to feed an adequate amount of CP but be deficient in a specific AA that may be detrimental to the animal. The foregut digestibility of the feedstuff also affects the AA pool as has been observed in the current study. Therefore, the protein source and type despite providing similar quantities of CP may not provide adequate AA. This type of speculative analysis has been done for growing horses (Gibbs and Potter, 2002) and has been speculated for exercising horses in this study. The fact that the HG group was in N balance that differs from 0 demonstrates once again that horses do respond to the quality of the AA profile of the diet as has been observed in growing and exercising horses (Ott et al., 1979; Graham-Thiers and Kronfeld, 2005) .
It is apparent from this study that grain and forage sources of protein provide different amounts of available protein, and thus AA, to the horse and result in different plasma AA concentrations in the postfeeding phase. The quality of the protein as well as the site of digestion can affect the absorbed AA, which in turn can affect the available AA to the horse for production purposes.
